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Tim results of research in the field of aiffueion 
of solid besides giving a hotter insight to t..e 

behavior of solid materials., lend tfcemeelve# to many appli- 
cations la the field of metallurgy* Several metallurgical 
processes which involve diffusion art. carburising in 
which carton diffuse* into the steel > aiU'idlug, manufactur- 
ing of bimetal a tripe which depend on auittaion resulting 
from in tsiMlf fusion of the two me tale* and t he rata of 
age hardening and transformation of metals, % relying more 
and. more or. purely scientific work, metallurgy is becoming 
less of an art and more of a science. It mas therefore felt 
that soma additional work toward the better understanding; 
of the behavior of metais could provide not only a worthy 
contribution to physics but could filao be used in the field 
of metallurgy. 

B’ie techniques developed up £r. J,M. oesms of 
applying high centrifugal forces to thin films deposited 
on ateei rotors seemed to bo an ideal way to apply a direct- 
ional force to metal samples without the usual twisting 
moments and force concentrations encountered in ot.-er methods. 
It mss therefore decided to investigate the effects of a 
centrifugal field on the rate of diffusion ©£ metals* 



The two common mhUkkIi used. for measuring d if fus- 
ion are the "direct” method and the ‘indirect” Method. 

In the "direct Method two substances ere pieced 
In contact end Maintained at a high temperature for a long 
period of time, the specimen la then seotionallaed and 
the aaount of feue constituents la determined by chemical 
analysis. 

In the "indirect" method a radioactive isotope 

of a eufcita nue la placed in contact with a second material 

and the concentration of the isotope in the second material 

is then determined bjr means of radioactive detection. This 

method wee first employed by 8* von ftsvsay, '• . heiU. and 
i 

A* Rail. A lead isotope, thorium 3, emitting alpha rays, 
was used to determine the seif diffusion of lead in a lean 
single crystal; noting the lessening of emissions as diffus- 
ion took place. 

H^ree possible simple mechanisms for the diffus- 
ion of the atoms of one metal, #, through a metallic 
solid, B, ares 

1) The k atoms may individually diffuse through 
the interstices of the solid, B; 

2) The a atoms may exchange position with the 
B atone within the lattice; ana 



** J - 

3) ttm A stoma move Into sujecsnt vacant 
positions In the lattice o f ths solid, 3. 

In tna case or ti.o first mechanism tne activation 
energy required to Move an atom increases greatly with 
the smaXlnsss of tho size of the interstitial sites. 

These sites are much smaller than the atomic also for 
metals forming substitutional alloys and therefore pro- 
bably only metals forming interstitial alleys woulu lend 
themselves to this type of mechanism. 

The activation energy required for the second 

am chords* would be of the same order of magnitude as the 

cohesive energy because toe two atoms would be squeezed 

closely together by the susvoundiitg atoms of the lattice 

during Urn exefca nge. The probability of this mechanism 

being, responsible for diffusion is rather low considering 

the values of the activation energy obtained from numerous 
2 

data, halts. 

The third mechanism for diffusion assumes that 
vacant sites, hereafter called vacancies, exist in tm 
lattice of the material. This has bem tr«e topic of many 
investigations. Theoretical war* in tnermoayn&mlo# shows 
that the entropy, would be increased as a result of the 
Increased disorder, introduced by the vacancies in the 
structure • 



Although euoatitutioiu*! alloy a are net expected 
to diffuse by the first meehante*, there is still the 
pro o is* of determining which mechanism la reapor.eibl# for 
their diffusion. Zener** has proposed « combination of 
mechanisms, In whiefc more complex geometrical patterns of 
fcfee Motions of the atom* could oc tho means of diffusion. 

Began loss of ti*e meekaalam involved, tae relative 
displacement of the two dt^i of atoaw aunt be known to 
determine toe rate of diffusion. A classical example of 
determining the rate of diffusion by maturing the relative 
displacement was accomplished by Saigelafcas and girkendall . 
they embodied molybdenum wires at the interface between 
cop er and alpha braes. After maintaining the specimen at 
a high temperature for a long period of time, the mol yfc* 
dei aim wires ware found to have moved into the brass, this 
effect was observed for many other pairs of face center 
cubic mettle. This la thought to be an indication that 
neither the direct exchange mechanism nor the Zener theory 
are the chief processes of diffusion in these metals. 

In addition.. to the above described amchantsma, 
tho effects upon the rate of diffusion of temperature 
and gram site must be considered. 

A strong dependent* of the rate of diffusion 
upon the temperature applies to both types of diffusion. 



grain boundary enu volumetric, Vti\» epetuiency 1* ex- 
pressed by a relation of tun* for*, D a Const. « ; 

where A 1* tit* glia constant ■, f , tiie ebfoiute temperature; 
and tn* activation eiwrg; wnicn must be supplied beloxv 
an atoa ray Ju»f fro* on* position to at' other In the lattice. 

it we* a now by v. . &. Johnson that t ha c#U 
diffusion constant for sliver differed for grain bound- 
ary and voluaatric diffusion. This la In agreement with 

v< 

the theory of Cbal**r# w baaed upon the behavior of very 
pure tin in the vicinity of Its salting point. His results 
Indies tea that the Melting point of tne m be rial in the 
grain boundaries was slightly lower than that of taa bulk 
Material . Pv6m tmm result* it was eeae! wied that the 
transition layer of atotaa In the grain boundaries 
tiierwoJynasftically lass steal* than the Interior atows of 
the grains* This would be in agreement with the previous 
remarks concerning Increase# of entropy with increased 
vacancy concentration. 



Tii»cm&?K:AL cotei&uubTXOMi 



Stot familiar ls«a or / lc« for t..a concentration, 
C, or a solute am a solvent iu tern** or tiiao co- 

ordinates are. 

* — id w ( 

and uv » J *'C 

tx 



i> 18 the 0 iff union constant which accounts for 

the grain ei** # typo of diffusion incurring, arid the 

» 

lattice structure or the two media, It ia a rune t ion or 
tn* temperature cad the activation energy • J is the 
diffusion current. 

tew use of & coXJLimafcln*; slit limits tew peri- 
pheral length of the cylinder which is seen fey the crystal, 
Thia allows the problems to fee refused to a one dimensional 
one end Hole's equations become t 

j * -0 ££ 

ox 



dC m 0 h5— 

it 5 ? 

The following assumptions are made; 

1) a unit lino instantaneous source of radio- 
active silver at time sero snd at X - 1.76 * lCf 4 «m. 

2) no evaporation at the free surface, k z 5*28 x 
1CT 4 cm,; 
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3) no diffusion through tne boundary at C«.« 

stool rotor; anJ 

4) a unifcra fcrco field* $ , sets In too posit! vo 

X direction. 

by applying the above assumptions to Pick*# erne 
Olnsnslonsl equations* tlw yollowlug sre obtained j 

JI.D £ I C » G It X t c for *11 t 

X 

J o S «~4 ♦ C * 0 it X « 5.2b x l<r*e«. for sll t. 
x 

snd i 4» X* nrT.V * C 

-T ■ - 2 & — sr 

The solution of theft* equations is the sees as 
that worked out by Cars? low «m Jeager* for the one dieen* 
siontl beet conduction csss. Applying the conditions of 
the present proble* to their solution the following re* 
latlonehlp of 0 is obtained* 

C * 2 n (x) 2 n d«76 * fcT 4 ) exp. (-0 t) 

where z n (x) * 2(*. soft x sin x) 

(5.sS"x 10*'} 4 (5.2$ x 10* 4 ) 



and the n*s art the solution of th* equation fan (p.&s x 



10-4 ) - o or 



5 j ft 

T^'TlO^*' * a S 1 * 2 * 3 * 4,1 



To solve the equation nuuarioally* values for 
/ and l> have to be obtained, jj? can be written aa a con* 
atant tiees the force* where la a transport function 



8 



and it lc tbm uantrlfwrfal force resulting fro* the rota- 
tion of the rotor, a? substituting 5 ^ , (Jest 6 ), and 
F equal to Into ft a F| ft equal* this 

term become* 6,1 x 10* 10 u for T $ 600 K. The space 
dependent equation reduces to: 

Z B (*) « ST .2 !°* x * 6>1 * 10-10 eln 



* (6a x icr i0 ) 



The difrualea constant n as been described by 
bne equation: 

- 1 ? 

i> s J> 0 a Tv? 

where U la tlie aetlvatien energy j f, the absolute tempera- 
ture* H, the universal gsa constant; and U Q a constant 
which varies very slowly with temperature and contains 
feature pertaining to different mi tale, The first and 
laat quantities are found try fitting curves to experimental 
cats, 

Work hss teen done by several Investigators to 
determine the self diffusion constants of silver by 
eleetrodepealtlng a radioactive silver layer on regular 
silver, 

Hoffman and Turnbull^ found that the diffusion 
constant for diffusion into high purity silver at $00° C 
with grain boundaries with a width of j> x 10~ a ca, m»$ 
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JotMteeti** found the lattice sell* diffusion con- 
cfcer.t for silver to be 

s G.89S © **Mj?*^ cra**/e©c « . 

OA 

e.n-i the combined diffuaioo Tor polyoryatalllne (liver 
in « temperature i' ng* between 300 atU 6C0 degrees centi- 
grade to be 

^ 5 2.3 k 10r5 e ca^/eec. 

1?X 

Using this lest equation at roo* temperature, 

V spiels 11. T x 10** :v os 2 /iay which compares favorably 
wlth i> equal to 9*6 x 1C** 1 ca^/day noted by isarri©r. i0 
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EXF Kft. Ifte Uf TA h WCmm. 

The MtuOU Of USXt* * raUl&aCtlVe Udtv^ «K*4 
oeeioec ui-on U detect tiw eall' diffuslo* of silver. 

The aaln Ativan t&ge of tale Method over » ec t i onal Iza fcl on 
ot* chemical analysis yes to allow t fee ueteraAaetlon of 
the rate of diffusion at u-.arcus time intervals wuxing 
escb run without assaying the t llu. Two aa*or prcbleas 
uad to 'bo ucwisi&wreu. tUe mU*n^> to oe used for depositing 
tue films* ana t&e «*etrw>a of obtaining data to be correllateu 
with the rate of diffusion. 

Two possibilities presented themselves for de- 
positing the f lists: elec trodepoai tion an u evaporation. 

An evaporation technique would have required s 
large bell »Jwr containing not only the test rotor ersd 
the evaporation equipment but also a seshanissk for rotat- 
ing the rotor during the evaporation to insure even thick- 
nesses of the deposited layers « although this technique 
Is readily adaptable for nen-mdi oactl v* materials# it is 
not practical for use with radioactive Materials because 
the amounts of vaa rau lose live isotope deposited on the 
surface of the bell jar and sechoniSNi results in a waste- 
ful usage of vac- Isotope# end even sore important presents 
an excessive radiation i*aaard to the worker while cleaning# 
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deccntaalnatlr.g, ana uiepos lug of tne rac.ioeutlve nmte. 

iieouuoe eleotro^eo oeltlwtt would present Much 
less of 6 radiation haaeru «r<a would bo »uon wore eoonoMical 
at the ft am tine* it waft tie clued to investigate Uiift process 
fox* obtaining the dustrea filws. 

in the aarijr trials cl* electroplated rotor* Uw> 
film wore thrown froa tne rotor* at \ariou« epeec *• Itte 
initial procedure adopted for the oiootro^epoaltion of 
f Unfit on vh* rotors was to: 

1) polish the rotor with single ought Metallurgical 
polishing p per; 

2i muua Um rovor in acetone sux* raise with 
distilled water; 

3} wash the rotor in hot detergent and rinse 
with distilled water; 

4} deposit a thin layer of copper by oheaical 
deposition for a period of three seconds in an 
Acid Copper Plating Solution, * * {This eolation 
wo* prepared by dilating 3*5 graueft of copper 
sulphate crystal* and 6*0 al« o* concentrated 
sulphuric acid to a final volua<e of 100 «i*); 
p) electroplate au initial non-rad loa c ti ve 
silver i*il» frost a silver strike solution, i2 
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(Tnls solution was prepared bj ulesolving 50 $ ) 
Milli^raw* of silver cyanide a nd 37.5 grass* of 
sodium cyanide in $00 el. of distilled water.}; 

6) electroplate the fcotto* and cylindrical sur- 
face of the rotor with a fila of radioactive 

110 

silver, ordinary silver enriched with ailver 
frosi a silver cyanide plating solution prepared 
by dissolving 30.4 &ra»s of radioactive silver 
cyanide, 41.1 gras# of potassium cyanide, and 
44.6 greet of potassium carbonate per liter of 
solution; 

7} and electroplate Uie final eoating of non- 
radioactive silver over Use entire rotor free 
the plating eolation described in $) above. 

The thickness of tie files was determined trim the 
following equation which was derived free rersday*# lew; 

T a t 

where T is the thickness of the file in ©»•; 19, Use atole- 
oular weight of silver; a, the current in nilllaaperes; 

F, the Faraday constant; ,**• density of silver; A, tee 
ares to be plated; and t, the placing ties in seconds. 

The 0 orient density was maintained constant at 8.62 «a/c* 2 
for this experiment and the plating tlaes were varied to 
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t he various layer thicknesses. T«e thickness or 
t tm initial layer was 6*92 x lO"^ in.j the radioactive 
layer, *.*>0 x 10*^ in,) end outer layer, or overlap, 

1.3b x 10*^ in. Kicroscopio examination revealed that 
the films prepared from warn solutions were polycryetalline 
with a grain else leaa t ban one micron* 

The relative movement of tm radioactive isotope 
through tty* ordinary silver lasers was determined by 
counting the -ray emission with a scintillation crystal, 
energy discriminator and counting device , described unoer 
^description of Apparatus a slight and very broad peek 
appeared at the aero place in the energy spectrum of the 
emissions from several samples. % incorporating a colli* 
mating slit and a very thin aluminum reflector, inis peak 
was narrowed conaideratly. a typical energy spectrum ob- 
tained with the collimating slit la Skew* in Figure 1. 

It was found that various thicknesses of the over- 
lay lowered the counting re to at each point on the energy 
curve but did not produce any detectable shift of tire peak 
of t tee curve towards higher or lower energies* A set of 
these curves is shown in Figure *. From these results, 
the parameter chosen for the determination was the measure- 
ment of the number of counts in a wide energy band onoeon, 
so as to include the peak of the energy curve. Inis energy 



band ranged bat Mean two point* aha?* the nua&er of 
count* war* the mm and tit* slop** war* approximately 
equal ana of opposite sign. Shis compensated for small 
shifts of the energy apaotrua caused by voltage and heat 
fluctuations In the counting aquipaent. aefering to 
Figure 1. this band ranged froa 10 .0 to 17. 5» volta (fulaa- 
Sieight Analyser setting*). 

SO obtain the relation tat wean the counting rata 
and thickness of overlap, eight rotors ear* plated with 
the radioactive isotope. She energy spectra# end a total 
count of the above defined energy bsna of each were taken. 
The rotors ware then plated with overlaps of various 
thicknesses and Um spectra ana total counts of the harsh 
wars again taken, fha peak* of the spectra, both before 
ana after the overlap, of all rotors ware found to lie at 
the sane energy position. One of the rotors was chosen 
as a standard and the ratios of the initial maauer of 
counts of the other rotors to the initial muster of counts 
of this standard rotor were subsequently used to scepen- 
sate for differences in the amount of radioactive silver 
deposited on each rotor. $be results of this investiga- 
tion showed that a curve of the logarithm of ti*e number 
of counts versus tna thickness of the overlay turned out 
to 0 * e straight line, v.e Illustrated in Figure 3. 
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A control rotor was property by depositing a 
layer of radioactive Oliver on it. Tola was maintained 
at room temperature ana counted each time a teat rotor 
was counted. The actual number of counts of the teat 
rotor were then adjusted by the ratio of the actual 
number of counts of the control rotor at this time to its 
Initial value at the beginning of the run. This compere 
mated for the decrease of the counting rate with time 
resulting from radioactive decay in the test films during 
long rune, ibis procedure further compensated for drift 
in the counting equipment that may nave taken place during 
tie run. 

Thua the following procedure for detecting a 
shift In the position of the radioactive isotope itai 
adopted. The films mere plated on the test rotor, tut 
number of o cunts in the energy band were totaled, and the 
numoer of counts In the energy band of the control rotor 
were totaled. Then the test rotor was placed in the centri- 
fuge and brought to the desired speed ana temperature. 

At appropriate time intervals the rotor was stopped, re- 
moved from the centrifuge, its energy band count taken and 
a parallel count of the control rotor mas taken. The test 
rotor was then replaced In the centrifuge, end returned to 
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the desired speed end teaperature. After adjusting tne 
nueber of counts of the test rotor , ss Mentioned above, 
the percent charge in counting rate of delations fro* the 
teet rotor with respect to Its counting rate st the 
beginning of the run ess c Deputed. 

h run eat conducted ss follows with tits rotat- 
ional velocity of the spinning portions at 10,000 revolu- 
tions per eecond. The rotor was counted at four hour 
Intervale throughout this run. For tiie first twenty-four 
hours, with the rotor spinning, the counting rate decreased. 
Since it was expected that the counting rate would increase, 
the centrifugal force increasing the rate of diffusion to- 
wards the periphery, instead of decreasing, the rotor was 
suspended in the centrifuge st the s&ao temperature without 
spinning for a period of eight hours, h rise in the count- 
ing rate was noted. The rotor was then spun for a period 
of eight hours end a decrease In the counting rate was 
noted. Then the rotor was suspended, without spinning, for 
s period of twenty hours and the counting rate increased 
again, This la illustrated in Figure 4. a parallel run 
under sialler conditions produced the same effects. 

Several runs were made with the rotor suspended 
st temperature without spinning, for seventy-two hours and 
the counting rate exhibited a slight increase throughout 
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the runs. S1 b j« there was a oissnge fro* an Increasing 
counting rate at aero rotational velocity to a decreasing 
counting rate at 1C), GOO revolutions per second, the change 
in counting rate with time for rotational velocities of 
2,000; 4,000; 6,000; and 6,000 revolutions per second was 
investigated. These runs lasted for periods of seventy* 
two hours, with the rotor being counted at twelve hour 
intervals. The results of these runs are shown in Figure 
5 * 

In order to determine whether any of these effects 
were the result of plastic flow of the material plated on 
the cone and the bottom of the rotor, a method woe develop* 
ed for plating only the cylindrical surface of the rotor. 
This was accomplished by machining a drilled holder of 
soft steal which fitted the cone of the rotor, and & plate 
undercut and fitted against the bottom of the rotor. The 
two items were of the same outside radius as that of the 
rotor and were coated with polystyrene to prevent silver 
from plating on them, The three parts of the assembly 
were held together by the magnet which alao Isold the 
assembly to the stirring motor in the plating bath. 

In addition to limiting the silver plating to 
the cylindrical surface of the rotor, this method of plating 
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also produced a aorc uniform layer of depoeiteu silver 
In that no elusrp corners were now present and therefore 
the ed*es of the cylinder were no longer point** of high 
current density. 

It nee dlscovex*eci at this point that the copper 
plete could be cue! tied end hereafter it tree not used* 

The results of another set of rune node et 0; 
2,000; 4,000; 6,000; and 8,000 revolutions per eeeorxi 
using this letter plating technique ere shown in Figure 6* 
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The apparatus umed in this experiment can be 
subdivided Into t».r*x groups: 

1} the plating apparatus far electrooepeaiting 
the sliver lasers on the rotors, 

2} the ultraoentrlfugt uced to apply large 
centrifugal fo 2 *cea m tiie tost rotors* and 
3) the apparatus used to detect and count the 
radioactive omissions from the teat rotors * 

Pla ting Apparatus 

A wter bath kept at constant temperature by a 
mercury thermos witch controlled nlchrowe beating element 
maintained the plating solution at the proper plating 
temperature* the framework holding the plating solution 
beaker in the temperature bath was designed to allow 
rapid removal of the beaker and insertion of the radio- 
active plating solution container* A six revolution per 
minute motor was provided to rotate the teat rotor in the 
plating solution to Insure uniform thicknesses of the 
silver films* 

The radioactive plating solution was enclosed 
In a thick brass container to lessen the amount of radiation 
exposure, to personnel* A platinum anode mas employed to 
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reduce to a minium the variations in the rtto of 
radioactive a liver to non-rad lG»ctiv ailvar in fciw» 
solution. During storage* a tight fitting brass cap over 
the solution container kept the evaporation of the solu- 
tion to ajetnlHu** The circuitry of the plating apparatus 
is shown in Figure 7. 



The Centrifuge 

This experiment made use of the magnetic sus- 
pension, magnetic driven ultra-centrifuge constructed 

13 

by Q.B. Harris. Figure ii shows an overall view of 
the centrifuge and related equipment • 

The support system consists of a large solenoid 
mounted above the rotor and, mounted beneath the rotor, 
a soil in the grid tank of a fcunsd-grtd-tunod-plate 
oscillator whose output control# the current flowing 
through the solenoid, As the rotor changes vertical 
position, the Induction in the grid tank coll is varied, 
detuning the oscillator. This results in an oaoillctor 
output signal which is a function of rotor height, A 
derivative circuit was employed to minimise overshoot and 
to increase vertical stability. The bias on the derivative 
amplifier, V-103, was increased from 1,5 volts to to 4.5 



volt* itc. Tale laoreaeaSt the etatollit.,, tv such an 
extent that the centrifug* could be left operating un- 
fit tanked for period a of twelve hour*, The a up*, or t 
circuit and support power supply circuit are shown in 
Figure* 9 and 10* 

Horieontai daaplug waa accomplished toy eua- 
pending a cfccel core in the center of stoe support sole- 
noid by means of fir)# hypodermic tubing* The end of 

t i» core mas immeraed in oil to provide a means of ab- 
sorbing the energy of the horlaontei oscillations* 

The drive circuit consisted of a phaea shift 
oscillator feeding a signal Into a phase splitting net- 
work* Three signals* each one hundred twenty degrees 
out of phase with each other# were than amplified and 
then applied to three pain of drive colic*. The eddy 
currents induced in the rotor caused the rotor to accele- 
rate end try to eatch up with the rotating field* The 
amount of acceleration war controlled by varying the 
amplitude of the output sine wave of the oscillator which 
oscillated at a fixed frequency of 35** kilocycles* T ha 
circuit diagram for the oscillator 1* shown in figure 11* 
Tne phase splitting circuit was charged to provide 
separate control for the cathodes of the power amplifiers* 
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Better control of the inputs to the separate drive colls 
pairs was obtained, providing a better edjuetwent for 
balancing the drive field. £ conventional 300 volt DC 
regulated power supply with an output of tCO siili&Kperes 
at cm percent regulation weo used, The phase splitting 
and drive power supply circuit** are shewn in figures 12 
and 13. 

?*<* evacuated chamber, situated between the »ls 
drive coils, contained a tungsten coll used to raise and 
maintain the temperature of Zm rotor by radiation heating. 
A awthod of Mounting tit* tungsten heating coil in the 
teat chamber was devised in order that the heating coil 
would be able to absorb shock if it were struck by a 
spinning rotor. This prevented breakage of the spot-welded 
Joints of the tungsten leads. 

The teni>esttture off the rotor was determined by 
using a Rubicon iwstentloweter to Measure tUwe temperature 
of a similar rotor Mounted on an lron*aonetantan tSserwo- 
couple within the vacuum system. Tills rotor was heated by 
a similar tungsten coil connected in series with the one 
In the test chamber. Thfa temperature was corrected for 
heat conduction elcfsg the tijeraocouple and for radiation 
from the coils surrounding the test chamber. 
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A light beca from it source entered tae 
chamber through the center of cn® of th® drive coils, 
sea reflected off the rotor through the center of Another 
drive ooll to a phototube* fm amplitude pattern from 
the psiOtctuoe was beet against a known pu lee on #n oaoillo* 
•cope to determine the rotational velocity of the rotor. 

A conventional vaeuw system consisting of a 
mechanical fore pump* dryer containing phosphorus peato&lde 
crystals, oil diffusion pump, fore pressure thermocouple 
gauge sod e high vacuus ionisation gauge was used, vfecuusa 
of the order of 1 a XCT^ «* of mercury were obtained . The 
system also incorporated a hip* vacuus step cock, ground 
glass joint, and &n air predryin® inlet system stolen alios* 
«d removal and. replacear.it of tnc rotor with a slnlaua loss 
of time for the pumps to obtain toe operating vacuus level* 

A diagram containing tire dimensions of the teat 
rotor is shown In Figure 14* It consisted of a truncated 
cone asehined on tope of a cylinder* * roper adjustment 
of the equipment proved, that this configuration had very 
ettfele support characteristic* in the magnetic field used 
for suspension* Tm such rotors were machined from a rod 
of tool steel, each being attached to a short mandrel by 
a tapered spruo* this facilitated polishing the cylinder 
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•iid eon*. Tn* base# me ±.oll$;/*i after fer^i^ng 
til* rotors loose .’re* t:.* attadrel and arau^tlng t~*a in • 
drill preee t* eojaa of a Teflon collet. fi^re was no 
need for bust treating &*» rotor* as t.*e velocities *a 3 
teeperetures at fallen t.nc experlaent was porforssi ware 
wall below tae bursting speed of t»» rotors* 

Beta-Ha^ flaunting Apparatus 

The o#ia-ra;jr coasting apparatus # Shu**.. in /igure 
Ip and aohoiidtloally In figure 16, constate* of the 
following; 

1) light tight aos^artaent housing the rotor* 

stilbene scintillation orbital and photowultiplier 

tube; 

2} linear amplifier* 

3} pulse height analyzer; 

4 ) sealer; 

5) titter. 

The rotor wee held in position within Ute light 
tight ooupurtiaent on a spring loaded plate which iield 
the rotor cone in the cap ana chi elded the radiation 
fro* the base of the cylinder. Zm Figure IT* 
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/it*, afc.cn experioeutiitg It was foua to be 
t&aoot icpoasiwl© to pojlt^wx t*»* rotor sc t.^t *..>* 
luentlvsu creu «*uc presents* to the crjefal each time 
w*;b emissions were count©*. Both the bottom k lotc ar.u 
uonleai cap ai*.fto iwre mounted in bearing;, an» a on© 
revolution per minute feeotor was cw..ueoteu. to the conical 
cap shaft to rotate t.,o rotor. Tails notor operated euto* 
auticall^ wlicn tne "count" switch on scaler was en- 
gaged. Cwuiitii.jp, pwrlows last*! for two minutes *tic»4 allow* 
«C the rotor to be turned t.i?©i%h two cc tplate revolutions. 

A OiMjt«qusrtcr Inch thick lead shield* mounted between 
the rotor sol the attlcene exvstal «uvl cental niag a 
collimating slit w*th dimension# of the height of the 
rotor cylinder and wibta of one tenth the rotor uiaawter. 
Halted the arou of the cylinder seen bjf the scintillation 
crystal. 

A toln stiioen* crystal was selected for the 
scintillation crystal because of its relative insensitive* 
ness to g&irtta radiation* A thickness of ©ne-half millimeter 
was selected to provide an escape peek for toe G.§3 KSV 
electrons which have s range of 0.66 Millimeter* in atilbene. 
A twsnt>'*five hundred tboufsnith of an inch niualnu* fell 
•ousted betweea the lead shield sad the crystal served both 
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to absorb 0.030 M&V of the energy of ti» beta-rays** 
striking the crystal and to reflect the photons emitted 
in tha crystal back to tha photomultiplier tuba. The out- 
put of the regulated negative power supply shown in 
Figure 18 was lowered frost -l£&0 volts D.C. to -96O volts 
D.w. by lowering t ho potential difference between adjacent 
Uyno&as to eighty volts. By operating tha duMont 6291 
photomultiplier tube at tills lower value rather than near 
the maximum 2106 volts £•€.« a very low noise to signal 
ratio resulted and tha linear smplifisr was adjusted to 
give maximum amplif lent ion without being overdriven. 

A cathode follower was used to natch tha high impedance 
of the photomultiplier tube to the low capacity coaxial 
cable carrying tha signals to the linear amplifier. 

It* regulated negative power supply was rebuilt 
to Incorporate advantages found by or. 6. ft. tiarris doing 
experimental work at Electronics Research, University of 
Virginia. This consisted of replacing the original resistor 
voltage divider network by one consisting of reals tore 
and US 2 voltage regulator tubes to provide a more constant 
potential difference between the dy nodes of the photo- 
multiplier tube while the load la changing. See Figure 19* 
This resulted in a still lower noise to signal ratio while 




t »i« wn* 
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the potential differ* no* between &y modes wee raised to 
120 volte* The amplification required from the linear 
amplifier was thereby decreased* ffcle teemed to lower 
t m drift of the equipment and the data was wore cone latent* 

A linear amplifier was constructed according to 
the schematic diagram Figure 20* The amplifier section of 
the Atomic Instrument Company's Model 2%Q~Q Linear Amplifier 
was utilized in conjunction with a medium voltage stabilised 
power supply* having an output of plus 300 volte *>.C, 
and 1^0 mllliamperes available for plate current a * , This 
proved to be a vary stable combination with low ms ripple 
voltage# The bottom of tne chassis waa enclosed and a 
blower* rated at 50 cubic feet of air per minute* was 
mounted on the chassis* This forced air over a two hundred 
matt heating element past internal baffles through the 
amplifier section* A thermostat* cutting on at 109 degrees 
and off at 110 degrees Fahrenheit mounted in the air- 
stream under tne amplifier section and connected in aeries 
with the heating element* provided e more even temperature 
of the amplifier components* thereby stabilising the 
amplifier gain* 

An Atomic instrument Company MmAel *>10 Tulae 
height Analyser wee used to select the energy range desired. 
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Tha nu «btr of pul* so rtoeived fro* the analyzer waa 
registered on an Atoslo Inatnueent company nodal 1030^ 
binary Scalar, 

Ttm tine Interval for the counting period was 
determined by noting the nueoer of aasonda end tenth# of 
•ecocide registered on a Precision Scientific Company 
"Tlne-It* timer, The timer operated sfctnever the “count* 
•witch on the scaler was engaged* 
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or yjuv 

A graphic*! representation or Um result a is 
•mown m Figure wnere the distance moved o; the 
average radioactive particle is plotted against t»*e 
applied force in dyne*. fne tie* la constant along 
each curve. 

2b* distance novel fey an average rntlotutive 
particle was computed fey applying the charge in counting 
rate to the curve of figure 3* & sample calculation la 

shown In Appendix XI* 

A* the force increase a, the average distance 
Moved increases to a maximum and then decreases. 2«o 
maximum average distance moved occurred between applied 
lorce* of fro*! it x 10^ to 22 x 10 1 dynea. This is the 
range of forcer • which the films with no adhesion 
were thrown from the rotor. This is also in agreement 
with tensile strength* experiments performed i*» this labora- 
tory by «. L* Bart. 

fiie maxima of the curves obtained from the 
rotors plated by the first method were in all cases 
higher than those obtained from rotors plated by tie 
fc*. bod method* 
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8e«uite »u5k a* the sogyc are not evidently 

justifiable from the cor a iteration of the time-imi«f«na~ 

er.t part of t he solution for tfc* concentration of fcne 

Ulfi using medium* It 1# eho*m in fcha sample calculation* 

that at • »|mnwI of 6*0C0 revel® blew* per second, the 

of foot of the applied centrifugal force eeolsJ alter this 

A 

volution In the ©ruer of U> , making, to® direct affect 
of the fore® negligible* 

Tfc* ti*»»a«peaUent part ef t/«# solatia* of the 
concentration of the diffusing *edtu», contain* the 
diffusion con® taut as a parameter*. As hat been previousl? 
pointed out, toe diffusion owe tan t depend* upon toe grain 
structure* Therefore, the above affects »©ulu indicate 
that the diffusion constant varied with the applies force* 

It is believed that cold work and reorganization result- 
ing from the stresses introduced h>- the Applied centrifugal 
force cause® rearrangement in the also and position of the 
grain boundaries • This could decrease the rate of diffusion 
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TYPICAL ENERGY SPECTRUM OF A PLATED ROTOR 
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EFFECT OF OVERLAY OF NON - R ADI0 ACTIVE SILVER 
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PERCENT CHANGE IN COUNTING RATE VS. TIME 
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PL A TING CIRCUIT 
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PLATING CIRCUIT 
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THE ULTRACENTRIFUGE - FIGURE 8 
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35.+ PHASE SHIFT OSCILLATOR 4ND POWER SUPPLY 
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BETA-RAY DETECTION EQUIPMENT - FIGURE 15 
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ROTOR PREPARATION AND DETECTION EQUIPMENT FOR 0-RAYS 
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Scintillation Counter Photo tube and Power Supply Circuit FIGURE 19 
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Linear Amplifier, Power Supply, a no Heatinr Circuits 
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APPENDIX I 



Data for Typical Test Run. 

Rotor velocity - 6,000 revolutions per second 
Rotor temperature - 300 Degreec Centigrade 



Rotor #21. Plated by the first 


method 




Time 

Ere. 


1 

Control 

Rotor 


• 

Test 

Rotor 


l 

; 

Adjusted 

Value 


[ “ 11 J ^ 
! 

% 

Cnangc 


0 


48,613 


69,225 




• _ 


12 


47,335 


70,544 


74,820 


4.3 


24 


45,628 


70,853 


72,420 


7.8 


36 


43,721 


71,648 


76,040 


9.2 


48 


44,751 


70,513 


76,480 


10.1 


60 


43,632 

, 


67,278 

1 


74,980 


8.1 


72 


43,394 


67,514 . 


75,270 


8.5 


Rotor #26. Plated by the second 


method 




0 


30,340 


24,755 






12 


28,954 


24,216 


25,760 


4.1 


24 


28,365 


24,466 


26,190 


6.2 


36 


28,094 


l 24,723 


26,730 


8.2 


48 


28,043 


24,783 


26,800 


8.3 


60 


29,531 


26,195 


26,920 


9.1 


72 


29,613 




26,580 


7.5 
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i* 


0.5 


x;i 


176 


273 


2.0 


T.i r 


p. # ooo 


3,3 


3*9 


4.1 


3*9 


4.7 


5,1 ! 
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*,000 


4.2 


6.2 


5.8 


9.6 


| 6.8 


9.7 1 
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16,000 1 


*•3 ! 
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8.5 1 


| S ,000 ! 
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t If W* «W»4 ir«»«4* w»«-. 

I. ^orrswtian for toa^porat* *re dlft'nrsAos ij*. fcwe<sn t*»fc 
rotor «mi rotor »c*..nt*u on tbs ti'-eraoaoupie . 

A. To*»p»rature a iff oroide as insult «f bM»t 
cenvluotta-R ti^rwocouple l#fta»s 

a^it * «ca Uo/jlx) 

a# = . 1 * 2 ° 

dx * 7 on. 

■ s (C.u373) 2 

K » K ir©«* ^oonstantari s 0.20 f 0,05% - 0,25% 

\c s * -(0.25%) ( ) { 0, 0375 > 2 { 192/7) 

- 3 .06 x lC**«nl/t«n . 

Antdlntioa «lth walls; 
tS*</ wt * A ( — 0*^ ) 

5 222°C. 5 4^5° K* 

•e* * 50 ° c. : 323° &. 

A * O.fTSS on 2 

• 0.40 (£te«l) 

* 5,66 x W 6 © rg$/« ■‘Wg* see 

s (Q.973B) (0»*Q) (5.66 x lQ m $) 
(109 x 100 - 600 x 10%) 

* *l # 002*000 «rgs/s*c 

5 -2.56 X 1C 2 QSi/fAO 




*** t o. 
■•1 * tm 
« 4 




*> )«* f*i 




<b» t « 

Kn< i • * 



iloift* 19*4 « 



• Mw«< (4^1) » UWIMVI 

<V| « «4t . • ■ ,-<> 









UV 1 **) s UV^leeS f **11® 

• . 3«*'>6 71 10-® - 2.5# x 1CT 2 * -5*64 x 10* 2 
ImmIow the corrected t*«p#ratur«, «*$, is given Sjm 
««* » -<dS/**) (1/ A ) 4 <h, 4 

* - 5,64 x 1C* 2 * ‘ 

<5-66 x 1C-5) (0.40) (0.9738) (2.39 x 1G 6 ) 

| 109 x 10° 

« 1156 * XkP 

or # s « s jw2° C. 

B* Heat sup ii«a to ovorcctts sir friction: 

_%£•_ • (V*H ( - */t-t 0 ) 

t « o 

Since Xyotcr * 1*586 x 10"® &* cm* 5 
fy , * (1/2) (1.5&6 x xcr«) (2.39 X 10* 41 ) x 
(4 2 ) (4006*** - 390 O 2 ) / (1.1? x 10 **} 

* 5.31 x l tr 6 ctti/e«c. 

'£nl» aaount or mat must be audea to the **otor 
b> cm sustaining drive. fssuaing t feat in* energy thus 
tadded to the rotor wiv completely erred live this would 
raise the rotor* t temperature only a fraction of a degree. 
XX. maple calculation for average distance Kedioautivs 
Atoms Moya: 

(It percent change) (at. of counts at overlap thick* 
ness of 1*38 * 10"** inehee) s Ho* of counts for re- 



ference to figure 3 
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Considering & tlx ?-rc*t.t cr.se»g* In the oaur.ttag rate ; 

* { 1 , 0 ‘S) ( 63 , 000 ) * 66 , 80 © count* 

In Plgv.ro 3 tills correspond* to *n overlap talckneta of; 

1.06 x 16*** lnotat* 

overage p&vemTit ie tfeen (i,3fc • 1.26) x iu*' 4 inodet 

s 1.2 x 1 m:utj 3 3.1 ~ ic**^ 0*. 

Ill, Cdtr.ge In flae Impendent Solution of Concentration 
*e «, il©»ult of CentrJUugal rerce et 6,00c ««& volutions per 






y fxi a S? 2 » cot fa* 4 (6,1 x 10** iu ) (60c0)^4 2 »in n* 

(r 4 (4,1 x 10“ 10 ) a iiMOriH *)* J • 

* Sr .S IS**** t 8.64 x 1C* 1 ,!., r.* 

i 4 0.7*3} V® 

n 'L _ 



.+H**Htf»*l** V* *4- * *v-— ■ W*u4* 

5.25 a 10~ 4 
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